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Abstract: Solar cells with a High efficiency and desire characteristics are modelled by considering the 
characteristics of the materials. An earth-abundant material Cu2ZnSn2(S, Se)4 (CZTSSe) could be a wise choice 
for the solar cell material with a band gap of 1.24ev. In this paper, we made a model and try to represent an analysis 
of effect on J-V characteristics and quantum efficiency of CdS/CZTSSe based solar cell during varying material 
and optical properties includes emitter width, carrier life time and resistances. From this model we can easily 
understand the effect of material and optical properties and graphical analysis of proposed solar cell. 
Keywords: J-V Characteristics; Quantum efficiency; Carrier life time; material and Optical properties. 
 
 
1. Introduction 
 
The advance of solar cell as a solar panel has been rising day by day. In household use, charging electric 
vehicles, in space shuttle and as a micro(<100Kw) or mini(<10Mw) grid is now a better alternative. That’s why 
when we think about the alternative of grid line we can imagine that the answer is almost the solar cell. So, the 
performance of a solar cell must be at its peak. A solar cell with a desirable efficiency depends on its design 
parameter. In the case of designing a solar cell for the commercial purpose the cost for cell decided by the buyers. 
So, designing a solar cell with a higher efficiency is really call for choosing the right materials and right parameters. 
Our work describes analytical model of effect on efficiency when we vary the parameters. This paper also shows 
a tabular result of variations. Design of a solar cell depend many important factors which determine the efficiency, 
performance parameters as well as the cost (manufacturing). Materials of solar cell is one of the most important 
factor because depending on material we can vary the efficiency, cost, lifetime and the size of the panel. And our 
model gives us the right to choose a material as we want. Now how we will understand that what type of material 
will be used for as we want. For an example practice we choose CdS/CZTSSe structure [1]. The earth abundant 
and a low cost Cu2ZnSn (Se, S)4 alloy is more efficient material for absorber layer for thin film solar cells [1,2,3]. 
Its high absorption coefficient makes it more able to absorb sun light in less thickness [2]. Gives a high efficiency 
compare to the lower thickness recorded as 12.6% [4]. CZTSSe shows a value of absorption coefficient up to 1400 
nm which allow to absorb almost the full range of solar radiation [5]. As a result, we can have a chance to reduce 
the manufacturing cost that will be our goal. CZTSSe shows a combinational result of CZTS and CZTSe. Where 
CZTS has band gap of 1.5 and for CZTSe is 1[6]. And these two materials also have all the quality to be count as 
a concerning material for solar cell [7]. For the electron affinity CZTS and CZTSe shows 4.5 and 4.35 respectively 
[2]. As TCO ZnO make possible absorption of UV lights while having a band gap of 3.37ev [8]. Another advantage 
of ZnO is absorption of infrared light [9]. For more accurate value the n and k for ZnO can be found in [10]. In the 
emitter layer CdS give us the advantage of high band gap which allow a wide range of light absorption. It has a 
large-bandgap with a direct band gap of about 2.24 eV. As a result, CdS has the ability to absorb UV radiation due 
to band-to-band transitions. All this study shoes result of optical and electrical properties of the materials which is 
used to devices. Our work proposed a simple and interesting study on the effect of optical and the electrical 
parameters on the overall efficiency of a solar cell if we vary them. This study is based on the sensitive analysis 
of some controlling parameters of a Solar cell which affect directly on the efficiency. 
 
2. Proposed model 
 
Considering A full depleted structure in Fig.1, we can have a generalized equation for the total photo generated 
current (𝐽𝑝ℎ) as stated in [11] is like 
𝐽𝑝ℎ = 𝐽𝑝(𝑊𝑒) + 𝐽𝑛(0)                                                                                     (1) 
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where, 𝑊𝑒 is the emitter width, is the hole photo generated current density in the emitter region. 
 
Figure 1: Electric field (E) [11] 
 
The basic equation needs to deduce the electron current density 𝐽𝑛(𝑥) due to photo generation process can be 
given by, 
𝐽𝑛(𝑥) = 𝑞𝑛(𝑥)µ𝑛𝐸 + 𝑞𝐷𝑛
𝑑𝑛
𝑑𝑥
                                                                              (2) 
𝑑𝐽𝑛(𝑥)
𝑑𝑥
=
𝑞𝑛(𝑥)
𝜏𝑛
− 𝑞𝛼(𝜆)𝐺0(𝜆)𝑒
−𝛼(𝜆)𝑥                                                                   (3) 
As like, 
𝐸 =
ɛ1𝑁𝑑
ɛ1𝑁𝑑 + ɛ2𝑁𝑑
[
𝑉𝑏𝑖 − (𝑉𝐿 − 𝐽𝐿𝑅𝑆)
𝑊𝑑
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And  
   𝐺0(𝜆) = (1 − 𝑅)
𝜆I0(𝜆)
ℎ𝑐
 
A second order differential equation of n(x) can be obtained by combining equation (2) and (3), like 
𝑑2𝑛
𝑑𝑥2
+ 𝑐
𝑑𝑛
𝑑𝑥
−
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The solution of the DE in (4) is, 
n(x) = 𝐶1𝑒
−(
𝑐
2
−𝑚0)𝑥 + 𝐶2𝑒
−(
𝑐
2
+𝑚0)𝑥 − A𝑒−𝛼2𝑥                                                  (5) 
here the detail explanation of C, G,G0,𝐿𝑛. From the Fig.1 we get two boundary conditions as bellow. 
𝑑𝑛
𝑑𝑥
(0) ≈ 0                                                                                                          (6) 
And the other condition is to be, 
𝐽𝑛(𝑤𝑎) = 𝑞𝑆𝑛(𝑤𝑎)                                                                                             (7) 
After evaluating the both boundary conditions we can calculate, 𝐽𝑛(0) as, 
 𝐽𝑛(0) = 𝑞𝐷𝑛𝑛(0)
𝐸𝑛
𝑉𝑇
                                                                                              (8) 
where, n(0) = 𝐶1 + 𝐶2 . That gets the 𝐽𝑃ℎ 
 
3. Results 
 
This section presents the simulation result carried out using the proposed model.  First, the result of the proposed 
model has been verified against as experimental solar cell. This cell is a CZTSSe based thin film solar cell 
fabricated by Balakrishna Ananthoju et. el in work [1]. The layer thickness and the electrical parameters [1] for 
this structure are given in Table.1. In this work this structure has been simulated with the help of our proposed 
model. In doing so the following considerations made. First, the value of absorption coefficient (α) from 
absorbance (A). The second consideration is for the value of mobility of carriers. In the third position we assumed 
the absorber layer is fully depleted. Finally, since there was no doping information in the original paper, this 
parameter has been calculated using standard doping concentration for CZTSSe based structure.  
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Table 1:Thickness of layer and electrical parameter [1] 
Parameter Value 
TCO layer: ZnO 300nm 
Buffer layer: i-ZnO 110nm 
Emitter layer: CdS 60nm 
Absorber layer: CZTSSe 1000nm 
Series resistance (Rs) 0.35 (Ohm-cm2) 
Shunt resistance (Rsh) (Ohm-cm2) 
 
Using these considerations, we figure out the simulation results using the proposed model have been compare 
with the experimental data of quantum efficiency and J-V characteristics. Fig.2. show the quantum efficiency and 
J-v curve from simulation along with the experimental curve from [1]. From this comparison observation has been 
made that in the high wave length region of simulation data matches with experimental data, but in the low wave 
length region there has a difference. The main reason for this difference is that all data were not available so had 
to assume or approximate some data which is not directly equal to the experimental data. And considerations for 
the model may be was not like the experimental solar cell perfectly. From the Table.2 comparison data with 
simulation data to the experimental data can be found. 
 
          
Figure 2(a): EQE 8.12% With FF 60%                                Figure 2(b): J-v curve with Voc of 0.4970V and Jsc of 27.47mA 
 
Table 2: Compare with experimental data to Simulated data 
Parameter Experimental  Simulated 
ETA 7.4 ±.125 % 8.12% 
Fill Factor 59% 60% 
Voc 476 mV 4970mV 
Isc 29 mA/cm2 27.47 mA/cm2 
                
   Fig.3. show the variation of parameters based on change in emitter width. If Emitter width increases the number 
of recombination will increase as a result the carrier loss will increase which will occur decrease in short circuit 
current and energy loss. If energy decrease for recombination of carriers it will results the decrease in open circuit 
voltage because open circuit voltage is directly proportional to the energy. In Fig.3(b), show that open circuit 
voltage and short circuit current decrease with the emitter width increases. Table.3 show the numerical change of 
parameters as a result of emitter width variation.  
Table 4 depicted the change in J-V characteristics for the electron life time variation. 
                          
Figure 3(a): QE for Emitter width variation Figure                  3(b): J-V characteristics for emitter width variation 
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Table 3: Result for emitter width variation 
Parameter We=.05µm We=.06µm We=.07µm 
Jsc 28.6748 27.2880 25.9996 
Voc 0.4980 0.4970 0.4950 
FF 59.3893 59.8985 60.4835 
ETA 8.4808 8.1235 7.7841 
 
       From Fig.1 one thing which will be in consideration is that the distance which an electron has to cross in the 
depletion region is smaller, so by increasing the life time of electron it is possible that the will flow of electron 
through the circuit will increase. An important impact can be found from the property of Electron life time that 
recombination is inversely related with the electron life time that means increase in time duration of the electron 
will be able to increase the efficiency by reducing the percentage of recombination. By this means it will increase 
the short circuit current because of increase in carrier number and the open circuit voltage because of more energy.  
 
Table 4: Result for electron life time variation 
Parameter 𝛕n=.0001us 𝛕n=.001us 𝛕n=1us 
Jsc 27.2524 27.2843 27.2880 
Voc 0.4960 0.4960 0.4970 
FF 59.9990 60.0170 59.8985 
ETA 8.1102 8.1221 8.1235 
 
As like the electron life time hole life is also inversely proportional to the recombination which can be shown 
in Fig.4. So, the overall efficiency will be increase as a result of increase in hole life time. But the distance has to 
cross by a hole in the depletion region is greater than the distance that crossed by an electron so variation in hole 
life time is more affective then variation in electron life time. This can be easily observed from the Fig.1. that 
distance travel by the hole is significantly very large then the distance travel by the electron that makes the 
difference between effect of variation of electron and hole though they are both carriers. 
 
              
Figure 4(a): QE for Hole life time variation                  Figure 4(b): J-V characteristics for Hole life time variation 
    
Table 5: Result for Hole life time variation 
Parameter 𝛕p=.001µs 𝛕p=.003µs 𝛕p=5 µs 
Jsc 22.1638 25.3973 27.2987 
Voc 0.5220 0.5290 0.5330 
FF 58.2468 60.5924 61.7789 
ETA 6.7389 8.1407 8.9889 
                    
Efficiency and the fill factor which is considered as the most important characteristics for output analysis 
depends on lifetime of charge carrier, mobility, diffusion length as those are the fundamental physical properties 
of solar cell materials. Here we consider Ideality factor as the most important indicator which is directly related to 
the output characteristics of solar cell. Another important parameter which is inversely proportional to the 
efficiency is recombination depends on the ideality factor.   In the depletion region recombination depend on the 
ideality factor inversely. That means if ideality factor increases the rate of the recombination will decrease which 
is good for the total efficiency. Because if the rate of recombination decreases the carrier loss will decrease 
automatically. As a result, higher number of electron or hole will get the chance to increase the total energy which 
will increase the open circuit voltage as well as the short circuit current. 
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Table 6: Result for Ideality Factor variation 
Parameter IF=1 IF=1.25 IF=1.5 
Jsc 27.2878 27.2880 27.2880 
Voc 0.3880 0.4970 0.5960 
FF 57.9616 59.8985 62.0540 
ETA 6.1368 8.1235 10.0922 
             
In Solar cells there are major two types of resistance that can affect the efficiency as well as the J-V curve. One 
is series resistance and the other is shunt resistance. Between this two-resistance shunt resistance can affect the 
efficiency more than the series resistance.  Because a poor value of shunt resistance will give an alternative path 
to current flow that is not desirable. In Table.7 we can see the effect of Rs on Jsc and Voc. An amount of dark current 
produce for series resistance which in term reduce the total current of solar cell. After all this increased reduction 
series resistance doesn’t have lot significant on the total efficiency. 
By analysing the effect of the parameters, a statement has been noted which will help one to understand the 
behaviour of a solar cell when we vary the emitter width, electron life time, hole life time, optical intensity, ideality 
factor, series resistance and shunt resistance. In our analysis, we also show the variation of J-V characteristics and 
on quantum efficiency. And we found that if we reduce the emitter width it increases the efficiency. Electron life 
time and hole life time in together carrier life time is directly proportional to the efficiency. But variation in hole 
life time is more effective than the variation in electron life time. we also observed that we can increase the 
efficiency by increasing the optical intensity as optical intensity is directly related to the carrier generation. More 
intensity means more carrier generation. Efficiency also can be increase by increasing the ideality factor. Series 
resistance has a little effect on solar cell but we cannot ignore the impact. Variation in shunt resistance vary the 
efficiency in a large scale. Now all our data from the analysis is in the table, from where we can easily find out the 
variation for each and every parameter individually. 
 
Table 7: Result for Series (Rs) and Shunt (Rsh) Resistance variation 
Parameter Rs=.1 Rs=3.5 Rs=4.5 Rsh=0.1k Rsh=0.2 Rsh=0.5 
Jsc 27.4746 27.2880 27.2334 26.5491 27.0062 27.2880 
Voc 0.4980 0.4970 0.4720 0.4910 0.4950 0.4970 
FF 74.1252 59.8985 58.8700 55.4853 58.2827 59.8985 
ETA 10.1421 8.1235 7.5672 7.2329 7.7913 8.1235 
 
4. Conclusion 
 
An example practice model has been used for the verification of our model. The analysis is used to observe 
effect of variation of different parameter which effect the efficiency directly. It is observed that for a given 
specification the value of parameters varies. A simulation result has been described to Choose the value of 
parameters for obtaining optimum efficiency. Finally, a new analysis of choosing parameters for variation in 
efficiency of solar cell has been developed. This analysis is simple and convenient because the measures to control 
the efficiency can be made by only selecting the right value of parameters in the model. The technique of varying 
the optical and material parameter has also been observed. Once the parameter get change, we should be able to 
calculate the new efficiency 
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